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1 Introduction

The purpose of this contribution is to discuss a number of issues related to the Pool Area concept, some of which were raised in the LS to SA2 on the subject issued at the TSG-RAN WG3 #53bis meeting (see [1]).
2 Discussion
2.1 Relation between MME Pools and UP Node Pools

In an architecture where the MME and the UP Node
 are separated, the issue of the relation between the areas supported by MME Pools (henceforth “MME Pool Areas”) and the areas served by UP Node Pools (“UP Node Pool Areas”
 below) arises. In [1] three scenarios,  relating MME Pool Areas and UP Node Pool Areas in different ways, are described:

1. MME Pool Areas and UP Node Pool Areas coincide, so for each MME Pool, there is a corresponding UP Node Pool, serving a joint Pool Area, and connecting to the same set of eNBs.

2. The UP Node Pool Area is allowed to have an extent corresponding to more than one  MME Pool Area, potentially covering an entire network. In this scenario the UP Nodes are a common resource, in the maximal case able to serve mobiles anywhere in the network, and potentially connected to any eNB in the network.

3. The MME Pool Areas and the UP Node Pool Areas are defined independently, meaning that MME Pool Areas and UP Node Pool Areas can intersect in any way. This could cause UP Node Pool Area borders to exist where there is not an MME Pool Area border.
The three scenarios can be illustrated as seen in the following three pictures:
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Figure 1: MME and UP Node Pool Area relations in Scenario 1
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Figure 2: MME and UP Node Pool Area relations in Scenario 2
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Figure 3: MME and UP Node Pool Area relations in Scenario 3
The different scenarios have different consequences in a number of areas:

· The extent of the IP connectivity needed for User Plane traffic on S1, relative to the connectivity needed within the MME Pool Area
· The existence of  S1 connectivity across regional borders in a regionalized network
· With how many MMEs and eNBs an UP Node will need to interact
· In what situations UP Node relocation will occur

In the following, Scenario 1 and Scenario 2 will be discussed, since there seem to be few drivers for scenario 3. The remaining cases, enabled by Scenario 3, that are not covered by Scenario 1 or 2 (such as a UP Node Pool Area only partly covering an MME Pool Area) do not seem to be indispensable, and add complexity to the solution. The overlapping Pool Area issue is not discussed in this contribution, and is not deemed to affect the conclusions.
The issue of UP Node Relocation in a pooled network merits special attention. If an active-mode intra-LTE HO procedure involving UP Node Relocation is modeled on the legacy PS Handover and SRNS Relocation procedures, the end-user impact will be small or none. It is anyway, at least from a signaling load  point of view, desirable to avoid UP Node Relocation becoming a frequently used procedure, so this is one important factor to consider when discussing the Pool Area concept for SAE/LTE. However, at least initially, when LTE coverage is not ubiquitous, HO between LTE and 2G/3G will in most cases be a more important traffic case than direct HO between different SAE/LTE Pool Areas. It is expected that initial ‘hot-spot’ deployment of SAE/LTE will be possible to configure in a way that avoids adjacent SAE/LTE Pool Areas. Thus UP Node relocation will not be needed for that reason, and handover between LTE and the legacy WCDMA and GSM accesses will in practice be much more important in the early phases of LTE deployment. 
2.1.1 Evaluation of Pool Area scenario 1 and scenario 2
In Scenario 1, IP connectivity for S1 User Plane traffic is needed within the Pool Area only, since eNBs connect only to local UP Nodes. Thus, this scenario allows S1 to be administrated locally. Mobility out of the Pool Area will cause UP Node relocation, which will occur at the same time as MME relocation. Still, with well-designed Pool Areas that keep common mobility patterns within the Pool Area, and suitably dimensioned MME Pools, UP Node relocation will in reality be a relatively rare case. 
In Scenario 2, IP connectivity for S1 User Plane traffic needs to be more extensive than in Scenario 1 and must be network-wide in the maximal case where there is only one UP Node Pool in the network. Normally the MME will select a local UP Node at attach, but in principle any UP Node available in the (potentially large) UP Node Pool Area can be used. Mobility out of the Pool Area will not force UP Node relocation, since the UP Node can be kept also when MME relocation occurs. This scenario calls for an MME-only relocation procedure, since the UP Node can be kept also when MME relocation occurs at MME Pool Area borders. 
Also from a characteristics point of view it seems feasible to relax the service area constraints on the UP Node, compared to those that apply in Scenario 1,  in the way suggested by Scenario 2. The MME needs permanent, supervised signaling connections to all the eNBs serving its Pool Area.  The UP Node on the other hand (according to the agreed MME / UP Node Split proposal B), only interacts with the particular eNBs that serve the UEs served also by the UP Node in question, using a simpler (UDP-based) interface, and then only for as long as the UE is active. This means that the UP Node- eNB connections will be fewer than the MME – eNB connections, and they will also be temporary, existing only for as long as there are active  UEs served by the UP Node on a certain eNB. Given a reasonable UP Node selection mechanism in the MME, most of those eNBs will be local, so in Scenario 2 it is only far-ranging mobility that will cause a UP Node to interact with a remote eNB.

Because of the abovementioned advantages from a mobility point of view, Scenario 2 seems to be more attractive. The drawbacks with Scenario 2 in the form of  increased IP connectivity requirements, and having more UP Nodes visible to the MMEs and eNBs seem to be acceptable in view of what is gained.
It is notable that Scenario 1 is a sub-case of the more general Scenario 2. It can be expected that both scenarios will be used in different networks, because of differences regarding network size, level of regional administration, mobility patterns, etc. To summarize, the following variants of  (idle- and active-mode) MME and/or UP Node relocation procedures seem to be relevant:
· In Scenario 2, MME only relocation will be needed. This could be regarded as a sub-case of a combined MME/UP Node relocation procedure, keeping the same UP Node.

· In Scenario 1, MME and UP Node relocation will occur simultaneously, thus a combined MME/UP Node relocation procedure seem to be needed.
· An UP Node-only relocation procedure does not seem to be needed.
3 Conclusion and Proposal
We propose to discuss the issues mentioned in this contribution and to update TS 23.401 according to the conclusions below:
- The UP Node Pool Area definition (if needed) should be according to the Scenario 2 described above . In other words, it should be allowed for a UE to keep the same Serving SAE GW also when performing mobility out of the MME pool area. Scenario 3 is not needed and should not be supported.
The following procedures are seen as needed and should be defined in TS 23.401:

- Idle-mode procedures for MME-only relocation
- Active-mode procedures for MME-only relocation

- Idle-mode procedures for combined MME/Serving SAE GW relocation

- Active-mode procedures for combined MME/Serving SAE GW relocation
No Serving SAE GW-only relocation procedure needs to be defined.
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� ’UP Node’ is, for brevity and generality, used in this contribution as the denomination for  the Serving SAE GW, that is the node that terminates the S1 User Plane in the enhanced Packet Core. Note that when the Serving and PDN SAE GW are one and the same node, relocation of the Serving SAE GW implies introduction of an additional node in the User Plane path in the CN, and the use of the S5 interface.


� It is FFS if a concept like ”UP Node Pool Area” is really needed in the standard (the need for the concept ”UPE Pool Area” was debated in the recent RAN3 #55 meeting). It’s use in this contribution does not imply a standpoint in that discussion.
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